ABSTRACT Coronary arteriography is frequently performed in patients receiving verapamil therapy. Since verapamil and contrast media both cause depression in electrophysiologic and contractile function of the heart and since both may exert these effects by actions on ionic calcium, the interaction of verapamil and intracoronary contrast media was assessed in 16 anesthetized dogs. Before verapamil, ionic contrast medium (Renografin 76, 3 ml) caused significant (p < .01) decreases in left ventricular peak systolic pressure, left ventricular dP/dt, extent of segment length shortening, and rate of change of segment length (dL/dt). The hemodynamic effects of verapamil and Renografin were additive, but the severity of the hemodynamic changes in response to Renografin in the presence of verapamil were not significantly different from those produced before verapamil. On the other hand, PR interval prolongation by Renografin 76 was significantly greater in the presence of verapamil (p < .001); most of the animals developed second-degree heart block in response to Renografin 76 in the presence of verapamil. Both before and in the presence of verapamil, Renografin 76 induced a similar decline in Na+ and Ca"+ levels and an increase in Na+/Ca"+ of coronary sinus blood. Nonionic contrast medium (iohexol) caused small but significant increases in peak dP/dt and dL/dt both before and in the presence of verapamil. This contrast medium caused no significant changes in the PR interval before or in the presence of verapamil. The changes in Na+, Ca" , and Na+/Ca+ + were significantly (p < .01) less marked than those caused by Renografin 76 and were not significantly different before or in the presence of verapamil. The major finding of this study is that the effect of ionic contrast media on atrioventricular conduction is markedly enhanced in the presence of verapamil. On the other hand, nonionic media cause no deleterious inotropic or dromotropic effects, either in the presence or absence of verapamil. Circulation 68, No. 3, 628-635, 1983. 
VERAPAMIL and other calcium antagonists were initially used in the treatment of coronary arterial spasm and have subsequently been effective in the management of other forms of ischemic heart disease.1"2 Consequently, many patients are now undergoing coronary arteriography while being treated with calcium antagonists. In addition to a potent vasodilatory action, some antagonists have important cardiac effects. Verapamil, in particular, has actions on the heart.3 4 The cardiac effects and cellular mechanism involved in these ac-LABORATORY INVESTIGATION-RADIOLOGY evaluated as well as the standard ionic medium, meglumine sodium diatrizoate (Renografin 76).
Methods
The study was conducted in 16 adult mongrel dogs premedicated with morphine sulfate, 1.5 mg/kg sc, and pentobarbital, 25 mg/kg iv. The effects of contrast media on left ventricular dynamics and PR interval were studied in 10 dogs, and the effects on constituents of coronary sinus blood were studied in a separate group of six dogs.
Experimental model 1. In 10 dogs the experimental protocol was designed to study the effects of the contrast media on left ventricular contractile function and atrioventricular conduction before and in the presence of verapamil. A solid-state pressure gauge (P20; Konigsberg Instruments) was positioned in the outflow tract of the left ventricle through a small apical stab wound."I A stable position in the left ventricular outflow tract was confirmed fluoroscopically to avoid catheter entrapment in the left ventricular apex. The pressure gauge was calibrated against a fluid-filled catheter connected to a Statham P23 strain gauge manometer. The left ventricular pressure signal was electronically differentiated to yield left ventricular dP/dt. A modified Judkins catheter was introduced into the femoral artery and advanced into the circumflex coronary artery under fluoroscopic guidance. A pair of ultrasonic dimension crystals were positioned through small myocardial stab wounds in a subendocardial position in the lateral wall of the left ventricle. We implanted the crystals along the expected longitudinal axis of subendocardial fibers'1 at 90 degrees to the direction of longitudinal orientation of the epicardial fibers, which were visible on the surface of the heart. At postmortem examination the subendocardial position of the crystals (within the inner 30% of the myocardial wall) was verified. The ultrasonic dimension system, previously described, 12 The PR and PP intervals were recorded at 50 mm/sec paper speed and measured in the standard fashion except when heart block occurred. Ten beats in the control period and at each intervention point were analyzed to determine the maximum PR and PP intervals. In the presence of second-degree heart block the maximum PR interval was measured as the duration between the P wave and the next QRS complex. Consequently, in second-degree heart block a second P wave was included within this interval. Measurement of the PR interval in this fashion allowed the occurrence of heart block to be accounted in the quantitation of the changes in PR interval. Cation concentrations in coronary sinus blood (figure 4).
Renografin 76 induced significant decreases (p < .01) in Na+ for up to 20 sec after injection. Verapamil caused no significant change in the baseline value of Na+. The decreases in Na+ induced by Renografin 76 were not significantly different before and in the presence of verapamil.
Renografin 76 caused significant decreases (p < .01) in Ca+ + for up to 20 sec after injection. Verapamil caused a significant decrease (p < .01) in the baseline value for Ca I . At each of the sampling intervals up to 30 sec after injection of Renografin 76, Ca++ was significantly lower in the presence of verapamil (p < .01) compared with the response before verapamil. However, the magnitude of the fall in Ca++ in response to Renografin 76 at each time interval was similar before and in the presence of verapamil.
Renografin 76 caused significant increases in Nal/ Ca ++ only at the sampling interval in the first 10 sec after injection. Verapamil caused no significant change in the baseline value of Na+/Ca+ +. The Direct extrapolation of these results to clinical corochannels.6 Contrast media also affect myocardial Ca+ + levels.9 21 After intracoronary injection, Ca+ + concentrations in coronary sinus blood are depressed disproportionately to the reduction in total calcium levels,2' suggesting that they bind Ca +. Both electrophysiologic22 and contractile disturbances9 21 have been linked to a reduction in Ca+ + and an imbalance in the ratio of Na+ to Ca+ + by the contrast medium molecule itself.9' 23 In vitro binding of Ca`+ varnes among contrast media but is virtually absent with nonionic media.9
The dose of verapamil used in the current study is similar to those used in animal studies exploring the influence of verapamil on infarct size24 but greater than that employed clinically."'"' Although verapamil has been shown to produce a distinct negative inotropic effect at relatively high doses in the isolated heart25 and the intact heart of experimental animals,4'25 doses similar to those used clinically cause no negative inotropic effects but do produce dromotropic effects.'1618 nary arteriographic studies must be made with reservation related to differences in species susceptibility, drug dosages, and pathologic status of the coronary circulation. However, this study does indicate the potential for a deleterious interaction between verapamil and contrast media during coronary arteriography. Since this interaction is minimal for iohexol compared with Renografin 76, the use of a nonionic media might be preferable for coronary arteriography in patients on verapamil therapy.
